In this paper, a local meshless method (LMM) based on radial basis functions (RBFs) is utilized for the numerical solution of various types of PDEs, due to the flexibility with respect to geometry and high order of convergence rate. In case of global meshless methods, the two major deficiencies are the computational cost and the optimum value of shape parameter. Therefore, research is currently focus towards localized radial basis function approximations, as the local meshless method is proposed here. The local meshless procedures is used for spatial discretization whereas for temporal discretization different time integrators are employed. The proposed local meshless method is testified in terms of efficiency, accuracy and ease of implementation using regular and irregular domains.
Introduction
Most of the problems in real world can be described by partial differential equations (PDEs). In this regard one of the important PDE model is fifth order Kortewege-de Vries model. Its general exact solution is not known whereas the exact solution for particular case of solitary waves can be found in [48] . To solve this model numerically, serval methods can be found in literature such as finite-deference scheme [13] , modified ADM [8] , decomposition method [27] , Homotopy perturbation transform method [18] and a comparative study of Crank-Nicolson method and ADM [21] . The general seventh order Kortewege-de Vries equation [34] which is used to discuss structural stability under singular perturbation of standard KdV equation. Several authors have paid attention to solve the seventh order KdV equation [12, 14, 40] . Generalized Burgers' Huxley equation [35] is used to describe the interaction between convection effects, reaction mechanisms and diffusion transports. In general it is difficult and sometimes impossible to get exact solution of such type nonlinear PDE. Researchers employed different numerical techniques which include discrete Adomian decomposition method [4] , Haar wavelet method [11] , Adomian decomposition method [24] , meshless collocation method based on RBF In the last few years, it is observed that meshless methods have been extensively employed for numerical simulations of different types of PDEs [37, 39, 41] . Meshless methods reduce complexity caused due to dimensionality to a large extent which is being faced in the carrying out of conventional methods like finite-element and finite-difference procedures. Meshing in the case of complicated geometries is another cause for the growing demand of meshless methods.
It is noticed that global meshless methods faced the problem of dense ill-conditioned matrices and finding optimum value of the shape parameter. To avoid these problems, local meshless methods are used as alternative to get a stable and accurate solution for the PDE models [3, 37] .
Partial differential equation models
A short description of PDE models on a bounded domain with corresponding initial and boundary conditions are given in this section. These include; one-dimensional fifth order Lax's-Kortewegede Vries, seventh order Lax's-Kortewege-de Vries, generalized Burgers'-Huxley, Huxley, generalized Burgers' Fisher, Fitzhugh-Nagumo, coupled Kortewege-de Vries, Hirota-Satsuma coupled Kortewege-de Vries equations and two-dimensional reaction-diffusion Brusselator equations.
The 1D fifth order Kortewege-de Vries equation [8] ,
where a, b, c, d are real constants and in this paper we have taken a = b = 30, c = 10, and d = 1. The 1D seventh order Kortewege-de Vries equation [12] ,
where a, b, c, d, e, f , g are real constants and we have taken a = 140, b = 70, c = 280, d = 70, e = 70, f = 42, g = 14.
The 1D generalized Burgers'-Huxley equation [4, 11, 24, 29, 35] ,
where α, β ≥ 0, δ > 0, γ ∈ (0, 1) are constants. The 1D Huxley equation [5, 24, 29 ]
where β and γ are constants. The 1D generalized Burgers' Fisher equation [24, 29] ,
where α, β and δ are constants. The 1D Fitzhugh-Nagumo (FN) equation [9, 16, 26, 33] ,
where ρ is a constant. The 1D coupled Kortewege-de Vries equation [19, 22, 28, 39] ,
where α, β and γ are real parameters. The 1D Hirota-Satsuma coupled KdV system of equations [28, 47] ,
The 2D reaction-diffusion Brusselator system of equations [38, 46] 
where α, β and γ are constants.
Local meshless numerical scheme
To pursue the LMM [36, 37] , we approximate the derivatives of U (x, t) at the center x p by the function values at a set of nodes in the neighborhood of x p , {x p 1 , x p 2 , x p 3 , ..., x pn j } ⊂ {x 1 , x 2 , . . . , x N n }, n p N n , where n = 1, n = 2 for one and two dimensional case respectively.
To find the corresponding coefficient λ
k , radial basis function φ( x − x l ) can be substituted into equation (10) 
Equation (11) in matrix form
. . .
where
for each k = p 1 , p 2 , . . . , p np . The above equation in matrix notation
From equation (14),
By substituting equation (15) into equation (10),
3.1 1D fifth order Kortewege-de Vries equation
The 1D fifth order Kortewege-de Vries equation (1) can be written as
subject to initial and boundary conditions
where a, b, c and d are constants. Now, Applying the LMM to equation (18) we get,
The semi-discretized model equation (21) with boundary conditions (20) is given as follows
where the symbol * represent element-wise multiplication of two vectors.
The corresponding initial condition is given as
Results and discussion
To check the accuracy and efficiency of the LMM various test problems in one and two dimensional cases are considered and the results are compared with the existence methods reported in literature. For spatial discretization three types of RBFs that is, MQ, IMQ and GA are used whereas for time integration have used explicit Euler method (EEM) and Runge-Kutta method of order 4 (RK4). Accuracy of the LMM is measured though different error norms given as follows
where exact and numerical solution are represented by U exact and U respectively.
Summary of numerical results is given as: Results of 1D fifth order KdV equation are shown in Table 1 and compared with the method in [8] whereas numerical results of seventh order KdV equation are presented in Table 2 . Similarly the numerical results of generalized Burgers' Huxley equation are presented in Tables 3-4 and the results are compared with the methods given in [4, 11, 24, 29] while the numerical results of Huxley equation are shown in Tables 5-6 and compared with the methods in [5, 24, 29] . Numerical results of generalized Burgers' Fisher equation are shown in Table 7 and compared with the methods in [24, 29] . Numerical results of Fitzhugh-Nagumo equation are given in Table 8 , Figs. 1-2 and the results are compared with the method reported in [26] . Numerical results of coupled KdV equations are presented in Tables 9 and the results are compared with the method given in [39] while numerical results of HirotaSatsuma coupled KdV equation are shown in Table 10 . Numerical simulation of reaction-diffusion Brusselator system are shown in Table 11 and comparison is made with the methods in [38, 46] .
Test Problem 1. The exact solution [8] of the 1D Lax's fifth order KdV equation (1) is
where the initial and boundary conditions are extracted from the exact solution (26) . Numerical results for Test Problem 1 are given in Table 1 using k = 0.01, x 0 = 0, dt = 0.01, N = 11 and shape parameter c = 100. Table 1 indicated that the results produced by the LMM using EEM are more better than the method in [8] .
Test Problem 2. The 1D Lax's seventh order KdV equation (2) having exact solution [12] U (x, t) = 2k 2 sech 2 k(x − 64k 6 t) , x ∈ [−100, 100], t ≥ 0 (27) where the initial and boundary equations are extracted from the exact solution (27) . To demonstrate the accuracy and efficiency of the proposed LMM, we reported numerical results in Table 2 for Test Problem 2, in form of L ∞ error norm using different values of k and t. We have used EEM with dt = 0.01, N = 11 using MQ RBF (c = 100). From Table 2 , one can observe that the LMM is accurate and efficient.
Test Problem 3. The 1D generalized Burgers' Huxley equation (3) having exact solution taken from [44] is given by where
where α, β, δ and γ are constants such that β ≥ 0, δ > 0, γ ∈ (0, 1).
In Table 3 , we have compared the results obtained by the LMM for generalized Burgers' Huxley equation for Test Problem 3 with the methods given in [4, 24, 29] . We have used the parameters values α = β = δ = 1 and γ = 0.001 and time step length dt = 0.0001, spatial domain [−10, 20] , N = 61 using IMQ RBF. From Table 3 , we have noted that the RK4 produced more accurate results than the results reported in [4, 24, 29] . Table 4 also shows the comparison of numerical results produced by the LMM with the results of Haar wavelet method given in [11] . In the table we have calculated the absolute errors for different values of x and δ with α = β = 1, γ = 0.001, and t = 0.8 using IMQ RBF. It can be observed from the table that the LMM is more accurate than the method reported in [11] . The numerical results of Huxley equation for Test Problem 3 with spatial domain [−10, 20] , N = 61, dt = 0.01 and different values of x and t are shown in Table 5 . We have used IMQ radial basis function and β = δ = 1, γ = 0.001. The numerical simulations have carried out by using the RK4 and comparison is done with [24, 29] in Table  5 . From the table, we have noticed that the results produced by the LMM are better than the methods reported in [24, 29] .
Test Problem 4. The exact solution [7] of the 1D Huxley equation (4) with α = γ = 1 is given below as
The numerical simulations have carried out for Test Problem 4 in Table 6 for different values of t, x, a, b and for N = 10, dt = 0.0001 using MQ RBF with c = 5. The results are obtained by the EEM and compared with the results obtained by Chebyshev spectral collocation method in [5] and found that the results of the LMM are superior. Test Problem 5. The exact solution of the 1D generalized Burgers' Fisher equation (5) is given below as
Numerical results of the LMM using the RK4 for Test Problem 5 is reported in Table 7 . To verify the accuracy of the LMM, we have compared the results with the global meshless collocation method based on RBFs [29] and Adomian decomposition method [24] . The absolute errors for different t, x and N = 41, dt = 0.001, α = β = 0.001, δ = 1, spatial domain [−20, 20] using IMQ RBF are given in Table 7 . From the table, one can ensure that the results of the LMM are more accurate than the methods given in [24, 29] .
Test Problem 6. The exact solution [26] of the 1D nonlinear standard Fitzhugh-Nagumo equation (6) is
In Table 8 we have calculated numerical results for Test Problem 6 with N = 101, dt = 0.0001 using MQ RBF. Table 8 shows L rms and L ∞ error norms of the EEM for q = 0.75. From the table it can be seen that the obtained results are quite agreed with the results given in [26] . Fig.  1 shows the comparison of numerical and analytical solutions for t = 0.2, 0.4, 0.6, 0.8, 1, q = 4 and N = 41 for Test Problem 6 while Fig. 2 shows the numerical simulations of the EEM for q = 0.75 and q = 4.
Test Problem 7. The exact solution [39] of 1D coupled KdV equation (7) with γ = 3 and α = β is In Table 9 , we have listed numerical simulations of the EEM versus results obtained from RBFs based collocation method [39] for Test Problem 7. The value of the parameters are α = β = λ = 0.01 with the spatial domain [−5, 5] , N = 101, dt = 0.001 and for various time t, using MQ radial basis function with c = 100. From the listed results given in Table 9 , we have observed that the results obtained by the EEM are better than the results given in [39] .
Test Problem 8. The 1D Hirota-Satsuma coupled KdV system (8) with exact solution [28] given below
where ξ = √ q 2 k(x − Ct) and a ≤ x ≤ b. In Table 10 Test Problem 9. The analytic solution of the 2D reaction-diffusion Brusselator system (9) for a particular case in the region (x, y) ∈ [0, 1] 2 , t ≥ 0 with α = 1, β = 0, γ = 0.25 is given in [46] U (x, y, t
The LMM is employed for the numerical solution of Test Problem 9 by letting time step length dt = 0.001, the shape parameter value c = 1, N = 20 × 20, at various times up to t = 1.8. In Table 11 we have compared the results obtained by the EEM with the exact solution as well as with [38, 46] . 
Conclusion
In this work, a local meshless differential quadrature collocation method is proposed for numerical solution of different mathematical models arising in science and engineering. These models have been solved in the literature by using various numerical methods. To check the accuracy and efficacy of the proposed scheme on both regular and irregular domains different test problems have been considered. Results of the local meshless method are compared with exact/approximate solutions available in the existence literature. On the basis of these results/ comparison we can conclude that the local meshless method is accurate, efficient and its implementation is very simple, straightforward, irrespective of the dimension and geometry of the problem.
